Surveillance of sexually transmitted diseases in France is based on voluntary networks of laboratories and clinicians. Despite the importance of incidence data in improving knowledge about the national context and in international comparisons, such data were not previously available. During nationwide quality control of laboratories, mandatory for all laboratories, we conducted a survey in June 2013 to estimate the incidence rates of gonococcal and chlamydial infections for 2012 and to estimate the proportion of diagnoses performed (coverage) by the country's two laboratory-based sentinel networks for these diseases. Estimated incidence rates for 2012 were 39 per 100,000 persons aged 15 to 59 years for gonorrhoea and 257 per 100,000 persons aged 15 to 49 years for chlamydia. These rates were consistent with the average levels for a group of other Western countries. However, different estimates between countries may reflect disparate sources of surveillance data and diverse screening strategies. Better comparability between countries requires harmonising data sources and the presentation of results. Estimated coverage rates of the gonococcal and chlamydial infection surveillance networks in France in 2012 were 23% and 18%, respectively, with substantial regional variations. These variations justify improving the representativeness of these networks by adding laboratories in insufficiently covered areas.
Introduction
Sexually transmitted infections (STIs) are a public health issue because of their frequency, the risk of sequelae (e.g. infertility) and transmission of human immunodeficiency virus [1] . The World Health Organization estimates that ca 450 million new cases of curable STIs (gonorrhoea, syphilis, chlamydia and trichomoniasis) occur annually worldwide [2] . The burden of these diseases is often underestimated as asymptomatic cases are likely to be undiagnosed and therefore remain untreated.
In France, the epidemiology of STIs has evolved considerably over the past two decades as a result of a rise in chlamydial infections and gonorrhoea since the end of the 1990s [3] , a resurgence of early syphilis since 2000 [4, 5] and the emergence of rectal lymphogranuloma venereum since 2002 [6] .
Surveillance of STIs is based on voluntary networks of clinicians and public and private laboratories located throughout metropolitan France. Since 1986, gonococcal infections have been monitored by the Renago network (national laboratory network of gonorrhoea) [3, 7] . Since the beginning of the 2000s, the annual number of gonococcal infections in men and women reported by this network has increased gradually. This increase has been due both to a real increase in infections and, since 2009, a sharp increase in the use of a nucleic acid amplification test (NAAT) to diagnose gonorrhoea. The surveillance of chlamydial infections has been performed since 1989 through the Renachla network (national laboratory network of chlamydia) [8] . Since 1997, the annual number of reported chlamydial infections by the Renachla network has increased gradually in men and women. This increase in asymptomatic cases is higher than in symptomatic cases for both sexes [9] , reflecting increased screening with NAAT [8] .
The two networks were set up and are managed by the French Institute for Public Health Surveillance (InVS). Participation of laboratories in the networks is on a voluntary basis, without special benefit apart from obtaining, for about half of the laboratories of Renago network, the results of susceptibility tests performed on the gonococcal strains. In 2012, respectively 202 and 70 laboratories participated in the Renago and Renachla networks (among them, 37 laboratories were part of both networks). Data collected from these two surveillance systems are used to estimate the evolution over time of gonococcal and chlamydial infections.
To complement this sentinel surveillance, it is essential to have incidence data in order to improve knowledge of the national context and for the purpose of international comparisons. French data on the incidence of STIs have not been available until the present work. Furthermore, French data on the prevalence of STIs are limited. The only national survey studying the prevalence of chlamydial infection in the general population (NatChla survey) was conducted in 2006 and estimated a prevalence of 1.6% and 1.4%, respectively, in women and men aged between 18 and 44 years, and of 3.2% and 2.5%, respectively, in women and men between 18 and 29 years [10, 11] . During nationwide quality control of laboratories in June 2013, we conducted a survey to estimate the incidence of gonococcal and chlamydial infections in France for 2012 and the proportion of diagnoses performed by our two laboratory surveillance networks (for the purposes of this manuscript referred to as 'coverage').
Methods
The French National Agency for Medicines and Health Products Safety (ANSM) is responsible for national quality control of medical laboratories. It uses external quality assessment (EQA) programmes covering all laboratory disciplines, including bacteriology. Registration and participation of laboratories for quality control are mandatory. In June 2013, an EQA survey was performed involving the 1,399 registered bacteriology laboratories: 1,335 located in metropolitan France and 64 in the French overseas departments (FODs). FODs include the French West Indies (Guadeloupe and Martinique) and French Guiana in the Americas, and Reunion Island and Mayotte in the Indian Ocean. Each laboratory received a strain of Neisseria gonorrhoeae to perform susceptibility testing. By agreement between the ANSM and the InVS, a short questionnaire on the activity of laboratories on gonococcal and chlamydial diagnoses was added. For each laboratory in metropolitan France and the FODs, we recorded the number of gonococcal infections diagnosed by culture and by NAAT, and the number of chlamydial urogenital infections diagnosed by NAAT from 1 January to 31 December 2012. A positive In France, as a result of new regulations for medical laboratories, multi-site laboratories are becoming more common, i.e. groups of laboratories which remain urogenital sampling sites but centralise their bacteriological activity on one of the sites. For those laboratories, quality control and the questionnaire-based survey were performed with the specific laboratory's administrative structure providing combined information for all its sites using a single questionnaire for the whole group.
Estimation of the total number of gonococcal and chlamydial infections diagnosed in France in 2012
To estimate the total number of gonococcal and chlamydial infections diagnosed by all French laboratories, we built 67 strata by crossing, when possible, each geographical area with each sector of activity (private or public). We then assumed that infection diagnosis activity (i.e. the proportion of laboratories performing tests and the number of diagnosed infections) within each stratum was the same for non-respondent laboratories (i.e. laboratories not replying to calls for quality control checks, laboratories providing no information on the availability of tests, and laboratories not specifying the number of diagnosed infections) as for their responding counterparts. We assigned a sampling weight to each laboratory for all estimates. These weights were equal to the inverse of the participation rates observed in each stratum. Variances were estimated using Taylor linearisation.
For gonococcal infections, we were not able to identify the number of diagnoses made using NAAT and culture tests simultaneously for the same patient in each laboratory at the national level. These data were available however for the laboratories in the Renago network. 
Estimation of incidence rates for gonococcal and chlamydial infections in France in 2012
The estimated national incidence rate for each infection type equalled the total estimated number of infections diagnosed in 2012 divided by the size of the population aged 15 to 59 for gonococcal infections and aged 15 to 49 for chlamydial infections. National census data of the French population estimated on 1 January 2013 were used to evaluate both population sizes [12] . For Mayotte, the age distribution of the 2007 census [13] is extrapolated to the 2012 population census [14] . Incidence rates and their 95% confidence intervals (CIs) were also estimated for each of the five areas in metropolitan France defined by telephone area codes (01, 02, 03, 04 and 05) and for the FODs (differentiating areas in the Americas and in the Indian Ocean). Unlike other laboratories which receive local specimens, two private laboratories, one located in the Paris area (01) and the other in the south-east area (04), received specimens from all over France and were therefore excluded from regional calculations.
Estimation of coverage of Renago and Renachla networks in metropolitan France
Gonococcal and chlamydial infections are reported on a continuous basis by the two sentinel networks to the InVS. The coverage of the two networks in 2012 was estimated by dividing the number of infections these networks reported during 2012 by the estimated total number of gonococcal and chlamydial infections diagnosed in all laboratories in metropolitan France. Coverage rates and their 95% CIs were also estimated for each of the five areas and according to whether laboratories were in the public or private sector. All statistical analyses were performed using Stata v.12.1 software.
Results

Characteristics of French laboratories and participation in quality control
Of the 1,399 French bacteriology laboratories, 921 (66%) were based in one site while 478 (34%) were multi-site. Almost half of the private laboratories were multi-site (477/1,033; 46%). Conversely, only one public laboratory was multi-site (1/366: < 1% 
Estimated number of diagnoses and incidence rate of gonococcal infections in France in 2012
Of the 1,342 laboratories which participated in quality control, 1,147 (85%) reported performing gonococcal cultures in the laboratory or, in the case of multi-site laboratories, in at least one laboratory site. Sixty-three (5%) laboratories declared that they did not perform this test and 132 (10%) did not answer this question. Of the 1,342 respondent laboratories, 111 (8%) reported performing NAAT for gonococcal infections in the laboratory or, in the case of multi-site laboratories, in at least one laboratory site. 
Estimated number of diagnoses and incidence rate of chlamydial infections in France in 2012
Of the 1,342 laboratories who participated in quality control, 290 (22%) reported that they performed NAAT for chlamydial infections in the laboratory or, in the case of multi-site laboratories, in at least one laboratory site. 
Characteristics and coverage of the Renago network in metropolitan France in 2012
Of the 1,335 laboratories registered by the ANSM for bacteriology quality control in metropolitan France, 199 (15%) were part of the Renago network in 2012. Three other laboratories in the Renago network did not participate in quality control that year as they were not registered at the time by the ANSM. The response rate to quality control was not statistically different between laboratories in the Renago network and other metropolitan laboratories (98% vs 95%; p = 0.10).
The average number of gonococcal infections diagnosed per laboratory either by culture or NAAT was 3.3 times higher in the Renago network than in other metropolitan laboratories (27.9 vs 8.4; p < 0.001). Nearly three times more laboratories in the Renago network than in other metropolitan laboratories performed NAAT testing (18% vs 7%; p < 0.001). Multi-site laboratories were more common in the Renago network than in other laboratories (55% vs 32%; p < 0.001). There were on average 5.0 cases per site diagnosed in 2012 in the Renago network compared with 3.3 cases per site in all other metropolitan laboratories.
NA: not available. a Rates per 100,000 persons. For the recalculation of rates using age data, documents referenced in the first column were used, except for Quebec and Sweden where population estimates were used ( [30] and [31], respectively). b Rate in the reference study seems to have been calculated in the age group 15-59 years. The overall coverage of the Renago network was 23% (95% CI: 22-25%); coverage in the Paris area (area code 01) was 19% and lower than in the other four areas (Table 3) . Furthermore, coverage rates in the two eastern areas (area codes 03 and 04) were ca 23% and lower than those in the two western areas (area codes 02 and 05) with ca 31%. Coverage by private laboratories (24%) was slightly higher than that by their public counterparts (22%).
Characteristics and coverage of the Renachla network in metropolitan France in 2012
Of the 1,335 laboratories registered by the ANSM for bacteriology quality control in metropolitan France, 65 (5%) were part of the Renachla network in 2012. Five other laboratories belonging to the Renachla network did not participate in quality control that year as they were not registered at the time by the ANSM. The response rate to the quality control was similar between the Renachla network and other metropolitan laboratories (98% vs 96%, p = 0.23).
The average number of chlamydial infections diagnosed per laboratory was slightly higher in the Renachla network than in the other metropolitan laboratories (255.9 vs 223.6; p < 0.001). The proportion of multi-site laboratories was not different between the Renachla network and other metropolitan laboratories (35% vs 40%; p = 0.42). On average, 55.3 cases per site were diagnosed in 2012 in the Renachla network compared with 57.3 cases per site in other metropolitan laboratories.
The overall coverage of the Renachla network was 18% (95% CI: 11-26%). Coverage in the south-west area (area code 05) (49%) was higher than those of the other four areas (Table 4) . Furthermore, regional coverage rates in the north (area codes 02 and 03) of ca 26% were lower than those in the Paris and south-east areas (ca 29% each). The coverage of private laboratories was 15% and lower than that of their public counterparts with 26%.
Discussion
This study presents, for the first time, estimates of the incidence of gonococcal and chlamydial infections in France from a comprehensive laboratory survey. Incidence rates for 2012 were estimated at 39 per 100,000 persons aged 15 to 59 years for gonococcal infections and at 257 per 100,000 persons aged 15 to 49 years for chlamydial infections. We found disparities for both infections' incidence rates between metropolitan France and the FODs, rates being twice as high in the latter. Differences within metropolitan France were also observed, with the Paris area having higher rates than its four counterparts.
Incidence data help create international comparisons. However, differences in the estimation of incidence rates between countries are difficult to interpret for two major reasons. Firstly, data sources may differ greatly from one country to the next. Such sources include mandatory notification, laboratory data, sentinel networks of laboratories, clinicians etc. Aggregate data from several countries should be used with caution because of the heterogeneity in reporting and [16] and Sweden [17, 18] . Tables 5 and 6 show the incidence of gonococcal and chlamydial infections in a group of Western countries, after recalculation for specific age groups.
The incidence rate of gonococcal infections estimated for 2012 in France from laboratory data was about four times lower than that in the US, obtained by combining several sources of data [16] , about two times lower than that in England [19, 20] and close to that in Quebec [21] . However it was two to three times higher than that in Sweden [17] and Belgium [22] ( Table 5 ).
The incidence rate of chlamydial infections estimated for 2012 in France was approximately three times lower than that in the US [16] , Sweden [16] and England [19, 23] , two times lower than that in Quebec [21] , but approximately three times higher than that in Belgium [22] ( Table 6 ).
The different estimates between countries may reflect a combination of true differences in incidence, disparate sources of surveillance data and diversity of testing and screening strategies. In particular for chlamydia, screening policies for young adult populations vary in different countries. Availability and affordability of testing are also key issues. In France, only 8% of laboratories performed NAAT for gonorrhoea because this test is not yet reimbursed by health insurance.
Perennial surveillance of STIs in France is mainly based on sentinel networks, including voluntary laboratory networks. The higher average number of gonococcal infections diagnosed in laboratories in the Renago network than in other metropolitan laboratories reflects the initial selection of active and experienced laboratories in gonococcal culture to join the network when it was first established. The Renago and Renachla networks' coverage rates for 2012 were estimated at 23% and 18%, respectively, with substantial regional variations. In the coming years, efforts should be made to improve the representativeness of these networks, notably by adding laboratories in some geographical areas (e.g. in the Paris area for gonococcal infection surveillance and in northern France for chlamydial infection surveillance) and balance the regional coverage rates.
Survey limitations
The incidence rates of gonococcal and chlamydial infections presented here should be considered as underestimations of the true incidence rates in the population.
Biologically confirmed cases represent only a portion of infections for a number of interrelated reasons. A significant proportion of infections are asymptomatic, particularly in women (55 to 95% [24, 25] ) or in cases of extragenital (oral or anal) localisations [26, 27] , and therefore remain unrecognised. Symptomatic patients do not always consult a doctor. Physicians do not systematically prescribe a microbiological test, whether or not the patients receive presumptive treatment. When tests are prescribed, patients may decide not to go to a laboratory. When tests are performed, they can be negative in infected patients. This is particularly true for gonococcal cultures in women, although the increasing use of NAAT reduces the proportion of false negative tests and allows diagnosis in asymptomatic individuals [28] .
Other reasons for underestimation of incidence rates are more specific to the present study. This survey did not account for laboratories that were not recorded in the national process of bacteriology quality control in 2013. However, the number of such laboratories was probably very small, given the compulsory nature of the registration to quality control. Moreover, in the case of multi-site laboratories, it is possible that some central administrative structures may have provided information on gonococcal and chlamydial infections for only a portion of all sites. Finally, regional rates were underestimated due to the exclusion of data from two laboratories active at the national level, where cases had not been assigned to a specific geographic area.
Another limitation of our study is the extrapolation of missing data from respondents. However, our extrapolation seems reasonable insofar as it is unlikely that non-participation in quality control was related to the activity of a laboratory in the diagnosis of gonococcal or chlamydial infections.
Recommendations
STI surveillance allows us to monitor the trends of these infections and to assess the impact of public policies aiming to control them. Each surveillance system has its advantages, disadvantages and limitations. However, to make indicators comparable between countries, more information on testing policies must be collected and harmonisation is needed. The comparability of the data provided by European countries is not optimal in the absence of standardisation. The European Centre for Disease Prevention and Control recognises the need to improve harmonisation of surveillance systems, case definitions and presentation of data [29] . Based on our study, we recommend for example the use of appropriate age groups to calculate the incidence of gonococcal (15-59 years) and chlamydial (15-49 years) infections to avoid an underestimation of the incidence and ensure comparability of results.
